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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrolyte film for a fuel cell with high proton 
selectivity using hydrogen or methanol as fuel that can be used in a temperature of >100°C. 
SOLUTION: The electrolyte film is characterized in that it has a through-hole with a diameter of 
0.01-1 50nm formed by carrying out anodic oxidation on a metal film or silicon film, and the 
inner wall of the through hole is modified by a proton conductive functional group. It is 
favorable that an OH group is used as a functional group. A material that is used for the metal 
film allows the formation of the through hole by anodic oxidation. Preferably, it is aluminum, 
titanium, zinc, indium, or an alloy having them as a principal component. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

It is used inside the fuel cell which is capturing the spotlight especially recently because energy 

generation effectiveness is high. 

[0002] 

[Description of the Prior Art] 

A fuel cell is classified into four kinds according to the class of electrolyte used. It is with a solid 
acid ghost form fuel cell (SOFC) and a solid-state macromolecule form fuel cell (PEFC) to be 
classified according to in these four kinds as what is used in a moderate temperature field from a 
low-temperature field. Moreover, since electrolytic immobilization is easy for these, application 
to a mobile is also possible, an interest is attracted most and expansion of applicability is 
considered recently. 
[0003] 

In PEFC, the application as a power source for a small home power source, a portable power 
source, and mobiles is being developed using the output in low temperature being large, but on 
the other hand, development of the ion-selective polyelectrolyte film with unnecessary moisture 
management with high thermal resistance is called for. Moreover, although the expectation as a 
power source for pocket devices is growing since the thing of a type which reforms a methanol 
fuel directly within a cell and obtains hydrogen is easy to miniaturize, the endurance over a 
methanol is high and development of the polyelectrolyte film with high ion selectivity is called 
for. 
[0004] 

By the way, the fuel cell consists of an anode pole (fuel electrode), a cathode pole (air pole), and 
an electrolyte membrane fundamentally. It was quoted and shown in drawing 1 from "technical 
trend investigation about a fuel cell" according [ accord / PEFC / an example ] the structure and 
the principle of operation of a fuel cell to a technical inquiry section, the Patent Office. The 
laminating of the separator as the gaseous diffusion layer and charge collector of hydrogen which 
is the catalyst and fuel which take an electron from hydrogen and form a proton is carried out, 
and the anode is constituted. Moreover, the laminating of the catalyst, the diffusion layer of air, 
and separator to which the reaction of a proton and oxygen is made to perform is carried out, and 
the cathode is constituted. Generally as for the electrolyte membrane, the polyelectrolyte film of 
proton conductivity of a sulfonic-acid system is used. The reaction in each electrode is as follows. 
[0005] 

Anode reaction 
H2 -> 2H++2e - 



Cathode reaction 
02+4H++4e- -> 2H20 

Proton conductivity solid-state poly membranes, such as a perfluoro sulfonic acid (trade name: 
product made from Nafion DuPont), etc. are one of those which were well known as 
polyelectrolyte film for PEFC. Many through tubes which are the diameters of about lOOnm for 
which OH-radical of isolation was prepared in that wall are prepared in such film, and it is 
characterized by making a proton penetrate from an anode side to a cathode side by this OH- 
radical. However, it is known that such film makes not only a proton but the hydrogen content 
child who is a raw material, a methanol, etc. penetrate to a cathode side. The fUel and oxidizer 
which were supplied when such a thing broke out cannot carry out a direct reaction by the 
cathode side, and cannot output energy as power. Therefore, the problem that the stable output 
cannot be obtained arises. 
[0006] 

There is proton conductivity film (electrolyte membrane) indicated by JP,2002-1 10200,A as 
what solves such a trouble. This proton conductivity film aims at controlling that a methanol 
penetrates this film, maintaining proton conductivity. 
[0007] 

Specifically, it is characterized by being the complex of the complex of a proton conductivity 
polymer and a specific polymer, or the copolymer of a proton conductivity polymer, a specific 
polymer, and one oxide of the groups of Ti, Zr, aluminum, B, Mo, W, Ru, Ir, germanium, or V. 
[0008] 

Although proton selectivity is improved to be sure, since an ingredient is a macromolecule or a 
macromolecule subject like said Nafion, this proposed electrolyte membrane has the fault of not 
being made to an elevated temperature 100 degrees C or more. For this reason, it is applicable to 
the home stationing mold with which the specification of a steam is examined for the 
effectiveness rise. In addition, service temperature is considered to be 150-250 degrees C in this 
case. 
[0009] 

[Problem(s) to be Solved by the Invention] 

The place which this invention is made in view of the above-mentioned situation, and is made 
into the purpose is offer of the electrolyte membrane for fuel cells usable at the temperature of 
100 degrees C or more with high and proton selectivity in the electrolyte membrane for fuel cells 
which uses hydrogen or a methanol as a fuel. 
[0010] 

[Means for Solving the Problem] 

This invention which solves the above-mentioned technical problem has diameter the through 
tube of 0.01-150 micrometers prepared by anodizing a metal membrane or the silicon film, and is 
characterized by embellishing the functional group of proton conductivity in the wall of this 
through tube. 
[0011] 

Moreover, as a functional group of this invention, an OH radical is desirable. 
[0012] 

What can be used as the metal membrane quality of the material of this invention can form a 
through tube by anodic oxidation. It is the alloy which makes aluminum, titanium, zinc, an 
indium, and these a principal component more preferably. 
[0013] 



[Embodiment of the Invention] 

This invention is the electrolyte membrane for fuel cells which has diameter the through tube of 
0.01-150 micrometers prepared by anodizing a metal, and embellished the functional group of 
proton conductivity in the wall of this through tube. While maintaining proton selectivity highly 
by carrying out like this, thermal resistance is raised and it becomes possible to use 100 degrees 
C or more as the electrolyte membrane which can specifically use a steam. 
[0014] 

If the thing using the electrolyte membrane of this invention is said by the conventional 
classification, it will serve as PEFC and an intermediate type of SOFC. Conventionally, in PEFC, 
coexistence of moisture is indispensable, therefore the limitation was in service temperature in 
the fuel cell. However, in this invention, by selecting the class and tight ness of a functional 
group of an electrolyte membrane, coexistence of water stops becoming indispensable and serves 
as a very realistic fuel cell. 
[0015] 

Moreover, if the electrolyte membrane of this invention is used, since the fuel cell which can be 
used to an elevated temperature 100 degrees C or more can be created, it becomes usable also as 
a fixed mold fuel cell in the object for mount, or a home. 
[0016] 

By this invention, an electrolyte membrane is created by anodic oxidation of a metal membrane 
or the silicon film because [ of the heat-resistant improvement in the film ]. What can be used as 
a metal membrane must be what can form a through tube with a diameter of 0.01-150 
micrometers by anodic oxidation. It is more desirable than a handling low price, economical 
efficiency, etc. to use aluminum, titanium, zinc, and the alloy that makes an indium and these a 
principal component as a metal membrane ingredient. Although a through tube is prepared in 
such a metal membrane and silicon film according to electrolytic oxidation, the diameter of a 
through tube is possible by adjusting anodic oxidation conditions, such as an electrical potential 
difference, an electrode spacing, time amount, and an acid type. 
[0017] 

In addition, anodic oxidation makes a metal membrane and the silicon film an anode plate, and 
direct current voltage is impressed in water or the electrolytic solution. At this time, while 
oxygen usually occurs, according to an electrical potential difference, an acid type, time amount, 
etc., the through tube of the diameter of a request carries out self-alignment tidily in an anode 
plate at spacing which is about several 10-100nm. 
[0018] 

By the way, if the diameter of a through tube is too small, although proton selectivity will 
improve, passage resistance becomes large, and the function as a cell falls. Moreover, since 
hydrogen and the methanol used as a raw material will also be passed although passage 
resistance of a proton decreases if it becomes large on the contrary, a cell property falls. From 
such a thing, the function as a filter will also be required of an electrolyte membrane. That is, to 
determine the diameter of a through tube with a raw material is desired. Therefore, although the 
path near 150nm is sufficient when using a raw material with big molecule size, in the case of a 
raw material with small molecule size, dozens of nm or less is needed, the need of being referred 
to as 0.0 1-1 nm when using hydrogen as a raw material - things are desirable. 
[0019] 

The functional group of proton conductivity is embellished in an inner-wall-of-through-hole side. 
As a functional group, it is simple to choose an OH radical, and it is good. Moreover, since 



spacing of an OH radical is made densely, it can make transfer of a proton good. 
[0020] 

When a functional group attaches and aluminum is chosen, for example as an electrolyte 
membrane ingredient as a direction, the front face which includes an inner-wall-of-through-hole 
side according to electrolytic oxidation is covered with the alumina film. In the case of the 
alumina film, it is possible to embellish an anion and a cation bordering on the pH= abbreviation 
9. Because, pH is charged in A102- in nine or more abbreviation, and an alumina film front face 
is charged in aluminum3+, when pH is less than abbreviation 9. Therefore, pH is made less than 
into nine and an OH radical is supplied to an alumina front face. 
[0021] 

The aluminum film after electrolytic oxidation is first immersed in ion exchange water, into ion 
exchange water, a nitric acid is added and, specifically, pH is lowered to about four. Then, 
aqueous ammonia is dropped into ion exchange water, pH is returned to 7, and ion exchange 
water is exchanged and washed. 
[0022] 

In addition, when the alumina front face is dry, a good result will be obtained, if the above- 
mentioned actuation is tried after applying and humidifying steam on this front face. 
[0023] 

Moreover, if not only an OH radical but a catalyst bed is applied to an inner-wall-of-through- 
hole side, it is possible it not only does not to let a big molecule pass, but to disassemble a raw 
material to a proton inside an electrolyte membrane through tube. 
[0024] 
[Example] 

Next, this invention is further explained using an example. 
(Example 1) 

Creation of the electrolyte membrane 1 made from an alumina which obtained the sample 1-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 40 volts, and electrolytic oxidation of the 
aluminum was carried out. 
[0025] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by 50mA, it was substantially set to 0mA after about 60 minutes. The anode plate was pulled up 
and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% sulfuric-acid 
+1.8wt% hydrochloric acid) about dozens seconds, and it washed in cold water immediately. The 
diameter of the obtained through tube was about 70nm. 
[0026] 

Then, the anode plate front face was vapor-deposited by Pt to extent which does not bury a 
through tube. Then, according to the above-mentioned approach, the OH radical was embellished 
in the inner-wall-of-through-hole side. 
[0027] 

Creation of the electrolyte membrane 2 made from an alumina which obtained the sample 2-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 



micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 50 volts, and electrolytic oxidation of the 
aluminum was carried out. 
[0028] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by about 60mA, it was substantially set to 0mA after about 60 minutes. The anode plate was 
pulled up and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% 
sulfuric-acid +1 .8wt% hydrochloric acid) about dozens seconds, and it washed in cold water 
immediately. The diameter of the obtained through tube was 50nm. 
[0029] 

Then, the anode plate front face was vapor-deposited by Pt to extent which does not bury a 
through tube. Then, according to the above-mentioned approach, the OH radical was embellished 
in the inner-wall-of-through-hole side. 
[0030] 

Creation of the electrolyte membrane 3 made from an alumina which obtained the sample 3-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 40 volts, and electrolytic oxidation of the 
aluminum was carried out. 
[0031] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by 50mA, it was substantially set to 0mA after about 60 minutes. The anode plate was pulled up 
and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% sulfuric-acid 
+1.8wt% hydrochloric acid) about several seconds, and it washed in cold water immediately. The 
diameter of the obtained through tube was about 1 nm. 
[0032] 

The anode plate was pulled up after that and ion exchange water washed. Then, the anode plate 
front face was vapor-deposited by Pt to extent which does not bury a through tube. Then, 
according to the above-mentioned approach, the OH radical was embellished in the inner-wall- 
of-through-hole side. 
[0033] 

Creation of the electrolyte membrane 4 made from an alumina which obtained the sample 4-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using an oxalic acid 
solution with a concentration of 0.3 mols [/l. ] as the electrolytic solution, potentiostatic 
electrolysis was carried out by electrical-potential-difference 40V, and electrolytic oxidation of 
the aluminum was carried out (it is the same as data 1). 
[0034] 

The film finally obtained was dipped in the mixed acid (6wt% sulfuric-acid +1.8wt% 
hydrochloric acid) about 1 second, and it washed in cold water immediately. Consequently, when 
the detailed hole got bored with the last edge of pore and having been measured in TEM, the 
diameter of the obtained through tube was about 0.5nm. 



[0035] 

The anode plate was pulled up after that and ion exchange water washed. Then, the anode plate 
front face was vapor-deposited by Pt to extent which does not bury a through tube. Then, 
according to the above-mentioned approach, the OH radical was embellished in the inner-wall- 
of-through-hole side. 
[0036] 

It is creation of the electrolyte membrane made from titanium **** titanium oxide about a 
sample 5 -base material. 

Width of face 50mm, die length 50mm and a titanium foil with a thickness of 15 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/I. ] oxalic acid solution is used, and it is an electrical potential difference. 
Potentiostatic electrolysis was carried out by 60 volts, and electrolytic oxidation of the titanium 
foil was carried out. The diameter of the obtained through tube was about 50nm. 
[0037] 

Several energization initiation second aftercurrent value Although 45mA was shown, it was 
substantially set to 0 after 65 minutes. The anode plate was pulled up after that and ion exchange 
water washed. Then, the anode plate front face was vapor-deposited by Pt to extent which does 
not bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0038] 

Creation of the electrolyte membrane made from a zinc oxide which obtained the sample 6-base 
material as zinc 

Width of face 50mm, die length 50mm and a zinc foil with a thickness of 15 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/l. ] oxalic acid solution is used, and it is an electrical potential difference. 
By 50 volts, potentiostatic electrolysis was carried out and zinc Tomari electrolytic oxidation 
was carried out. The diameter of the obtained through tube was about 45nm. 
[0039] 

Several energization initiation second aftercurrent value Although 50mA was shown, it was 
substantially set to 0 after 50 minutes. The anode plate was pulled up after that and ion exchange 
water washed. Then, the anode plate front face was vapor-deposited by Pt to extent which does 
not bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0040] 

Creation of the electrolyte membrane made from indium oxide which obtained the sample 7-base 
material as an indium 

Width of face 50mm, die length 50mm and an indium foil with a thickness of 15 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/l. ] oxalic acid solution is used, and it is an electrical potential difference. 
Potentiostatic electrolysis was carried out by 45V, and electrolytic oxidation of the indium foil 
was carried out. The diameter of the obtained through tube was 50nm. 
[0041] 

After [ of energization initiation ] several seconds Although 50mA was shown, it was 
substantially set to 0 after about 60 minutes. The anode plate was pulled up after that and ion 
exchange water washed. Then, the anode plate front face was vapor-deposited by Pt to extent 
which does not bury a through tube. Then, according to the above-mentioned approach, the OH 



radical was embellished in the inner-wall-of-through-hole side. 
[0042] 

Creation of the electrolyte membrane made from silicon oxide which obtained the sample 8-base 
material as silicon 

It is width of face on a copper foil electrode. 50mm, die length 50mm, thickness The silicon foil 
formed by 100 micrometers is made into an anode plate, platinum is used as cathode, and it is 
concentration abbreviation as the electrolytic solution. 0.3 mols/1. A fluoric acid solution is used 
and it is an electrical potential difference. Potentiostatic electrolysis was carried out by 40 volts, 
and electrolytic oxidation of the silicon foil was carried out. The diameter of the obtained 
through tube was 5nm. 
[0043] 

Energization initiation aftercurrent value Although 50mA was shown It was substantially set to 0 
about 2 hours after., The anode plate was pulled up after that and ion exchange water washed. 
Then, copper foil was removed, the electrolyte membrane made from silicon oxide was separated, 
and this electrolyte membrane front face was vapor-deposited by Pt to extent which does not 
bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0044] 
(Example 2) 

The fuel cell was constituted using the various electrolyte membranes obtained in the example 1, 
and the permeability of the existence of generating of a current and the methane by the side of an 
air pole was measured. 
[0045] 

Although the mass spectrograph investigated whether methane would be put into a fuel electrode 
side and methane would penetrate to an air pole side, it is after measurement initiation. Even if 
about 1 hour passed, detection significant in the engine-performance range of a detector was not 
completed. 
[0046] 

However, when carrying out the amperometry, after energization and several seconds, the 
current was measurable. It is clear that disassembly of methane breaks out and the generated 
proton is penetrating to the air pole through an electrolyte membrane. Therefore, any electrolyte 
membrane was found by having high ion selectivity. In addition, the generated current was as 
follows, respectively. 

The bond current was measured for resistance of 1 kilohm outside. 
[0047] 

Sample 1 0.57mA 
Sample 2 0.78mA 
Sample 3 0.76mA 
Sample 4 0.79mA 
Sample 5 0.63mA 
Sample 6 0.65mA 
Sample 7 0.58mA 
Sample 8 0.60mA 
(Example 2 of a comparison) 

The fuel cell was constituted using Nafion 1 17, 1 135, and 1035, and the permeability of the 
existence of generating of a current and the methane by the side of an air pole was measured. 



[0048] 

Methane was put into the fuel electrode side and the mass spectrograph investigated whether 
methane would penetrate to an air pole side. After measurement initiation About 1 0 seconds, 
methane came to be detected and it was detected continuously after that in the elapsed place. 
Moreover, if water was not used in the case of Nafion, the current did not flow. 
[0049] 

When it measured by carrying out methane in water at through and a hydrophilic property, the 
current which had generated the current and was generated was as follows, respectively. 
[0050] 

Nafion 117 0.5mA 
Nafion 1135 0.45mA 
Nafion 1035 0.55mA 
[0051] 

[Effect of the Invention] 

As stated above, this invention is the electrolyte membrane for fuel cells which has diameter the 
through tube of 0.01-150 micrometers prepared by anodizing a metal, and embellished the 
functional group of proton conductivity in the wall of this through tube. While maintaining 
proton selectivity highly by carrying out like this, it becomes possible to consider as the 
electrolyte membrane which thermal resistance is raised, a generation of electrical energy is 
possible when there are not 100 degrees C or more and ****, and can be used also under the 
environment of a steam. Moreover, in this invention, by selecting the class and tight ness of a 
functional group of an electrolyte membrane, coexistence of water stops becoming indispensable 
and serves as a very realistic fuel cell. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the structure and the principle of operation of a PEFC 
mold fuel cell. 



TECHNICAL FIELD 



[Field of the Invention] 

It is used inside the fuel cell which is capturing the spotlight especially recently because energy 

generation effectiveness is high. 

[0002] 



PRIOR ART 



[Description of the Prior Art] 

A fuel cell is classified into four kinds according to the class of electrolyte used. It is with a solid 
acid ghost form fuel cell (SOFC) and a solid-state macromolecule form fuel cell (PEFC) to be 
classified according to in these four kinds as what is used in a moderate temperature field from a 
low-temperature field. Moreover, since electrolytic immobilization is easy for these, application 
to a mobile is also possible, an interest is attracted most and expansion of applicability is 
considered recently. 
[0003] 

In PEFC, the application as a power source for a small home power source, a portable power 
source, and mobiles is being developed using the output in low temperature being large, but on 



the other hand, development of the ion-selective polyelectrolyte film with unnecessary moisture 
management with high thermal resistance is called for. Moreover, although the expectation as a 
power source for pocket devices is growing since the thing of a type which reforms a methanol 
fuel directly within a cell and obtains hydrogen is easy to miniaturize, the endurance over a 
methanol is high and development of the polyelectrolyte film with high ion selectivity is called 
for. 
[0004] 

By the way, the fuel cell consists of an anode pole (fuel electrode), a cathode pole (air pole), and 
an electrolyte membrane fundamentally. It was quoted and shown in drawing 1 from "technical 
trend investigation about a fuel cell" according [ accord / PEFC / an example ] the structure and 
the principle of operation of a fuel cell to a technical inquiry section, the Patent Office. The 
laminating of the separator as the gaseous diffusion layer and charge collector of hydrogen which 
is the catalyst and fuel which take an electron from hydrogen and form a proton is carried out, 
and the anode is constituted. Moreover, the laminating of the catalyst, the diffusion layer of air, 
and separator to which the reaction of a proton and oxygen is made to perform is carried out, and 
the cathode is constituted. Generally as for the electrolyte membrane, the polyelectrolyte film of 
proton conductivity of a sulfonic-acid system is used. The reaction in each electrode is as follows. 
[0005] 

Anode reaction 
H2 -> 2H++2e - 
Cathode reaction 
02+4H++4e- -> 2H20 

Proton conductivity solid-state poly membranes, such as a perfluoro sulfonic acid (trade name: 
product made from Nafion DuPont), etc. are one of those which were well known as 
polyelectrolyte film for PEFC. Many through tubes which are the diameters of about lOOnm for 
which OH-radical of isolation was prepared in that wall are prepared in such film, and it is 
characterized by making a proton penetrate from an anode side to a cathode side by this OH- 
radical. However, it is known that such film makes not only a proton but the hydrogen content 
child who is a raw material, a methanol, etc. penetrate to a cathode side. The fuel and oxidizer 
which were supplied when such a thing broke out cannot carry out a direct reaction by the 
cathode side, and cannot output energy as power. Therefore, the problem that the stable output 
cannot be obtained arises. 
[0006] 

There is proton conductivity film (electrolyte membrane) indicated by JP,2002-1 10200,A as 
what solves such a trouble. This proton conductivity film aims at controlling that a methanol 
penetrates this film, maintaining proton conductivity. 
[0007] 

Specifically, it is characterized by being the complex of the complex of a proton conductivity 
polymer and a specific polymer, or the copolymer of a proton conductivity polymer, a specific 
polymer, and one oxide of the groups of Ti, Zr, aluminum, B, Mo, W, Ru, Ir, germanium, or V. 
[0008] 

Although proton selectivity is improved to be sure, since an ingredient is a macromolecule or a 
macromolecule subject like said Nafion, this proposed electrolyte membrane has the fault of not 
being made to an elevated temperature 100 degrees C or more. For this reason, it is applicable to 
the home stationing mold with which the specification of a steam is examined for the 
effectiveness rise. In addition, service temperature is considered to be 150-250 degrees C in this 



case. 
[0009] 



EFFECT OF THE INVENTION 



[Effect of the Invention] 

As stated above, this invention is the electrolyte membrane for fuel cells which has diameter the 
through tube of 0.01-150 micrometers prepared by anodizing a metal, and embellished the 
functional group of proton conductivity in the wall of this through tube. While maintaining 
proton selectivity highly by carrying out like this, it becomes possible to consider as the 
electrolyte membrane which thermal resistance is raised, a generation of electrical energy is 
possible when there are not 100 degrees C or more and ****, and can be used also under the 
environment of a steam. Moreover, in this invention, by selecting the class and tight ness of a 
functional group of an electrolyte membrane, coexistence of water stops becoming indispensable 
and serves as a very realistic fuel cell. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

The place which this invention is made in view of the above-mentioned situation, and is made 
into the purpose is offer of the electrolyte membrane for fuel cells usable at the temperature of 
1 00 degrees C or more with high and proton selectivity in the electrolyte membrane for fuel cells 
which uses hydrogen or a methanol as a fuel. 
[0010] 



MEANS 



[Means for Solving the Problem] 

This invention which solves the above-mentioned technical problem has diameter the through 
tube of 0.01-150 micrometers prepared by anodizing a metal membrane or the silicon film, and is 
characterized by embellishing the functional group of proton conductivity in the wall of this 
through tube. 
[0011] 

Moreover, as a functional group of this invention, an OH radical is desirable. 
[0012] 

What can be used as the metal membrane quality of the material of this invention can form a 
through tube by anodic oxidation. It is the alloy which makes aluminum, titanium, zinc, an 
indium, and these a principal component more preferably. 
[0013] 

[Embodiment of the Invention] 

This invention is the electrolyte membrane for fuel cells which has diameter the through tube of 
0.01-150 micrometers prepared by anodizing a metal, and embellished the functional group of 
proton conductivity in the wall of this through tube. While maintaining proton selectivity highly 
by carrying out like this, thermal resistance is raised and it becomes possible to use 100 degrees 
C or more as the electrolyte membrane which can specifically use a steam. 
[0014] 



If the thing using the electrolyte membrane of this invention is said by the conventional 
classification, it will serve as PEFC and an intermediate type of SOFC. Conventionally, in PEFC, 
coexistence of moisture is indispensable, therefore the limitation was in service temperature in 
the fuel cell. However, in this invention, by selecting the class and tight ness of a functional 
group of an electrolyte membrane, coexistence of water stops becoming indispensable and serves 
as a very realistic fuel cell. 
[0015] 

Moreover, if the electrolyte membrane of this invention is used, since the fuel cell which can be 
used to an elevated temperature 100 degrees C or more can be created, it becomes usable also as 
a fixed mold fuel cell in the object for mount, or a home. 
[0016] 

By this invention, an electrolyte membrane is created by anodic oxidation of a metal membrane 
or the silicon film because [ of the heat-resistant improvement in the film ]. What can be used as 
a metal membrane must be what can form a through tube with a diameter of 0.01-150 
micrometers by anodic oxidation. It is more desirable than a handling low price, economical 
efficiency, etc. to use aluminum, titanium, zinc, and the alloy that makes an indium and these a 
principal component as a metal membrane ingredient. Although a through tube is prepared in 
such a metal membrane and silicon film according to electrolytic oxidation, the diameter of a 
through tube is possible by adjusting anodic oxidation conditions, such as an electrical potential 
difference, an electrode spacing, time amount, and an acid type. 
[0017] 

In addition, anodic oxidation makes a metal membrane and the silicon film an anode plate, and 
direct current voltage is impressed in water or the electrolytic solution. At this time, while 
oxygen usually occurs, according to an electrical potential difference, an acid type, time amount, 
etc., the through tube of the diameter of a request carries out self-alignment tidily in an anode 
plate at spacing which is about several 10-100nm. 
[0018] 

By the way, if the diameter of a through tube is too small, although proton selectivity will 
improve, passage resistance becomes large, and the function as a cell falls. Moreover, since 
hydrogen and the methanol used as a raw material will also be passed although passage 
resistance of a proton decreases if it becomes large on the contrary, a cell property falls. From 
such a thing, the function as a filter will also be required of an electrolyte membrane. That is, to 
determine the diameter of a through tube with a raw material is desired. Therefore, although the 
path near 150nm is sufficient when using a raw material with big molecule size, in the case of a 
raw material with small molecule size, dozens of nm or less is needed, the need of being referred 
to as 0.01-1 nm when using hydrogen as a raw material - things are desirable. 
[0019] 

The functional group of proton conductivity is embellished in an inner-wall-of-through-hole side. 
As a functional group, it is simple to choose an OH radical, and it is good. Moreover, since 
spacing of an OH radical is made densely, it can make transfer of a proton good. 
[0020] 

When a functional group attaches and aluminum is chosen, for example as an electrolyte 
membrane ingredient as a direction, the front face which includes an inner-wall-of-through-hole 
side according to electrolytic oxidation is covered with the alumina film. In the case of the 
alumina film, it is possible to embellish an anion and a cation bordering on the pH= abbreviation 
9. Because, pH is charged in A102- in nine or more abbreviation, and an alumina film front face 



is charged in aluminum3+, when pH is less than abbreviation 9. Therefore, pH is made less than 

into nine and an OH radical is supplied to an alumina front face. 

[0021] 

The aluminum film after electrolytic oxidation is first immersed in ion exchange water, into ion 
exchange water, a nitric acid is added and, specifically, pH is lowered to about four. Then, 
aqueous ammonia is dropped into ion exchange water, pH is returned to 7, and ion exchange 
water is exchanged and washed. 
[0022] 

In addition, when the alumina front face is dry, a good result will be obtained, if the above- 
mentioned actuation is tried after applying and humidifying steam on this front face. 
[0023] 

Moreover, if not only an OH radical but a catalyst bed is applied to an inner-wall-of-through- 
hole side, it is possible it not only does not to let a big molecule pass, but to disassemble a raw 
material to a proton inside an electrolyte membrane through tube. 
[0024] 

EXAMPLE — - - - — 



[Example] 

Next, this invention is further explained using an example. 
(Example 1) 

Creation of the electrolyte membrane 1 made from an alumina which obtained the sample 1-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 40 volts, and electrolytic oxidation of the 
aluminum was carried out. 
[0025] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by 50mA, it was substantially set to 0mA after about 60 minutes. The anode plate was pulled up 
and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% sulfiiric-acid 
+1.8wt% hydrochloric acid) about dozens seconds, and it washed in cold water immediately. The 
diameter of the obtained through tube was about 70nm. 
[0026] 

Then, the anode plate front face was vapor-deposited by Pt to extent which does not bury a 
through tube. Then, according to the above-mentioned approach, the OH radical was embellished 
in the inner-wall-of-through-hole side. 
[0027] 

Creation of the electrolyte membrane 2 made from an alumina which obtained the sample 2-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 50 volts, and electrolytic oxidation of the 
aluminum was carried out. 



[0028] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by about 60mA, it was substantially set to 0mA after about 60 minutes. The anode plate was 
pulled up and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% 
sulfuric-acid +1.8wt% hydrochloric acid) about dozens seconds, and it washed in cold water 
immediately. The diameter of the obtained through tube was 50nm. 
[0029] 

Then, the anode plate front face was vapor-deposited by Pt to extent which does not bury a 
through tube. Then, according to the above-mentioned approach, the OH radical was embellished 
in the inner-wall-of-through-hole side. 
[0030] 

Creation of the electrolyte membrane 3 made from an alumina which obtained the sample 3-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using the oxalic acid 
solution of concentration 0.3 mol/1 as the electrolytic solution, potentiostatic electrolysis was 
carried out on the electrical potential difference of 40 volts, and electrolytic oxidation of the 
aluminum was carried out. 
[0031] 

after [ of energization initiation ] several seconds, although the current value became about 1 law 
by 50mA, it was substantially set to 0mA after about 60 minutes. The anode plate was pulled up 
and rinsed after that, it exfoliated, the film was dipped in the mixed acid (6wt% sulfuric-acid 
+1.8wt% hydrochloric acid) about several seconds, and it washed in cold water immediately. The 
diameter of the obtained through tube was about lnm. 
[0032] 

The anode plate was pulled up after that and ion exchange water washed. Then, the anode plate 
front face was vapor-deposited by Pt to extent which does not bury a through tube. Then, 
according to the above-mentioned approach, the OH radical was embellished in the inner-wall- 
of-through-hole side. 
[0033] 

Creation of the electrolyte membrane 4 made from an alumina which obtained the sample 4-base 
material as aluminum 

Aluminium foil with width of face of 50mm, a die length [ of 50mm ], and a thickness of 15 
micrometers was made into the anode plate, platinum was used as cathode, using an oxalic acid 
solution with a concentration of 0.3 mols [/I. ] as the electrolytic solution, potentiostatic 
electrolysis was carried out by electrical-potential-difference 40V, and electrolytic oxidation of 
the aluminum was carried out (it is the same as data 1). 
[0034] 

The film finally obtained was dipped in the mixed acid (6wt% sulfuric-acid +1.8wt% 
hydrochloric acid) about 1 second, and it washed in cold water immediately. Consequently, when 
the detailed hole got bored with the last edge of pore and having been measured in TEM, the 
diameter of the obtained through tube was about 0.5nm. 
[0035] 

The anode plate was pulled up after that and ion exchange water washed. Then, the anode plate 
front face was vapor-deposited by Pt to extent which does not bury a through tube. Then, 
according to the above-mentioned approach, the OH radical was embellished in the inner-wall- 



of-through-hole side. 
[0036] 

It is creation of the electrolyte membrane made from titanium **** titanium oxide about a 
sample 5-base material. 

Width of face 50mm, die length 50mm and a titanium foil with a thickness of 15 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/l. ] oxalic acid solution is used, and it is an electrical potential difference. 
Potentiostatic electrolysis was carried out by 60 volts, and electrolytic oxidation of the titanium 
foil was carried out. The diameter of the obtained through tube was about 50nm. 
[0037] 

Several energization initiation second aftercurrent value Although 45mA was shown, it was 
substantially set to 0 after 65 minutes. The anode plate was pulled up after that and ion exchange 
water washed. Then, the anode plate front face was vapor-deposited by Pt to extent which does 
not bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0038] 

Creation of the electrolyte membrane made from a zinc oxide which obtained the sample 6-base 
material as zinc 

Width of face 50mm, die length 50mm and a zinc foil with a thickness of 1 5 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/l. ] oxalic acid solution is used, and it is an electrical potential difference. 
By 50 volts, potentiostatic electrolysis was carried out and zinc Tomari electrolytic oxidation 
was carried out. The diameter of the obtained through tube was about 45nm. 
[0039] 

Several energization initiation second aftercurrent value Although 50mA was shown, it was 
substantially set to 0 after 50 minutes. The anode plate was pulled up after that and ion exchange 
water washed. Then, the anode plate front face was vapor-deposited by Pt to extent which does 
not bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0040] 

Creation of the electrolyte membrane made from indium oxide which obtained the sample 7-base 
material as an indium 

Width of face 50mm, die length 50mm and an indium foil with a thickness of 15 micrometers are 
made into an anode plate, platinum is used as cathode, and it is concentration as the electrolytic 
solution. A 0.5 mols [/l. ] oxalic acid solution is used, and it is an electrical potential difference. 
Potentiostatic electrolysis was carried out by 45V, and electrolytic oxidation of the indium foil 
was carried out. The diameter of the obtained through tube was 50nm. 
[0041] 

After [ of energization initiation ] several seconds Although 50mA was shown, it was 
substantially set to 0 after about 60 minutes. The anode plate was pulled up after that and ion 
exchange water washed. Then, the anode plate front face was vapor-deposited by Pt to extent 
which does not bury a through tube. Then, according to the above-mentioned approach, the OH 
radical was embellished in the inner-wall-of-through-hole side. 
[0042] 

Creation of the electrolyte membrane made from silicon oxide which obtained the sample 8-base 
material as silicon 



It is width of face on a copper foil electrode. 50mm, die length 50mm, thickness The silicon foil 
formed by 100 micrometers is made into an anode plate, platinum is used as cathode, and it is 
concentration abbreviation as the electrolytic solution. 0.3 mols/1. A fluoric acid solution is used 
and it is an electrical potential difference. Potentiostatic electrolysis was carried out by 40 volts, 
and electrolytic oxidation of the silicon foil was carried out. The diameter of the obtained 
through tube was 5nm. 
[0043] 

Energization initiation aftercurrent value Although 50mA was shown It was substantially set to 0 
about 2 hours after., The anode plate was pulled up after that and ion exchange water washed. 
Then, copper foil was removed, the electrolyte membrane made from silicon oxide was separated, 
and this electrolyte membrane front face was vapor-deposited by Pt to extent which does not 
bury a through tube. Then, according to the above-mentioned approach, the OH radical was 
embellished in the inner-wall-of-through-hole side. 
[0044] 
(Example 2) 

The fuel cell was constituted using the various electrolyte membranes obtained in the example 1 , 
and the permeability of the existence of generating of a current and the methane by the side of an 
air pole was measured. 
[0045] 

Although the mass spectrograph investigated whether methane would be put into a fuel electrode 
side and methane would penetrate to an air pole side, it is after measurement initiation. Even if 
about 1 hour passed, detection significant in the engine-performance range of a detector was not 
completed. 
[0046] 

However, when carrying out the amperometry, after energization and several seconds, the 
current was measurable. It is clear that disassembly of methane breaks out and the generated 
proton is penetrating to the air pole through an electrolyte membrane. Therefore, any electrolyte 
membrane was found by having high ion selectivity. In addition, the generated current was as 
follows, respectively. 

The bond current was measured for resistance of 1 kilohm outside. 
[0047] 

Sample 1 0.57mA 
Sample 2 0.78mA 
Sample 3 0.76mA 
Sample 4 0.79mA 
Sample 5 0.63mA 
Sample 6 0.65mA 
Sample 7 0.58mA 
Sample 8 0.60mA 
(Example 2 of a comparison) 

The fuel cell was constituted using Nafion 1 17, 1 135, and 1035, and the permeability of the 
existence of generating of a current and the methane by the side of an air pole was measured. 
[0048] 

Methane was put into the fuel electrode side and the mass spectrograph investigated whether 
methane would penetrate to an air pole side. After measurement initiation About 10 seconds, 
methane came to be detected and it was detected continuously after that in the elapsed place. 



Moreover, if water was not used in the case of Nafion, the current did not flow. 
[0049] 

When it measured by carrying out methane in water at through and a hydrophilic property, the 
current which had generated the current and was generated was as follows, respectively. 
[0050] 

Nafion 117 0.5mA 
Nafion 1135 0.45mA 
Nafion 1035 0.55mA 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the structure and the principle of operation of a PEFC 
mold fuel cell. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is an electrolyte membrane for fuel cells about having diameter the through tube of 0.01-150 
micrometers prepared by anodizing a metal membrane or the silicon film, and having 
embellished the functional group of proton conductivity in the wall of this through tube. 
[Claim 2] 

The electrolyte membrane for fuel cells according to claim 1 whose metal membrane quality of 
the materials are aluminum, titanium, zinc, and the alloy with which an indium and these are 
made into a principal component. 
[Claim 3] 

The electrolyte membrane for fuel cells according to claim 1 or 2 whose functional group is an 
OH radical. 



DRAWINGS 



[Drawing 1] 
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